Objective: To measure the impact of fixed orthodontic therapy in the correction of malocclusion in adults and to evaluate the influence of factors associated with this impact. Methods: The sample consisted of 288 adult patients who had undergone fixed orthodontic therapy. The adequacy of orthodontic treatment was assessed by the PAR index in models of initial and final study. Associated factors were divided into two groups: socio-economic demographic variables (gender, education level, type of service, age at end of treatment), and the independent orthodontic variables (DHC-IOTN, AC-IOTN, satisfactory use of retainer, conducting speech therapy, and main complaints). For data analysis, we used the chi-square tests and multivariate logistic regression for a confidence level of 95%. Results: Independent of associated factors, the improvement of the treated cases was greater than 88.2% of the sample, with significant improvement in cases with moderate or severe initial need of treatment (p = 0.008) and in patients older than 25 years at the time of treatment (p = 0.015). Conclusion: The orthodontic therapy resulted in significant improvement, especially in cases with moderate or severe orthodontic treatment need and in adults over the age of 25 years.
Introduction
How does one assess the outcome of orthodontic therapy? What is the gold standard that will serve as a guide for the conclusion of treatment? What is the real improvement/impact even after orthodontic treatment on the quality of life of individuals? To address some of these questions, there have been several quantitative indices used for assessing the need for orthodontic treatment or the results thereof reported in the literature [1] - [6] . Otuyemi and Jones (1995) [2] performed a review of the different methods to evaluate a malocclusion or correction thereof, and the indices were divided into 5 groups: diagnostic, epidemiology, treatment needs, treatment success, and complexity of treatment.
Although there is controversy in the use of occlusal indices with respect to their use in clinical practice, their development and more specifically near ideal characteristics are of great importance for the correct assessment of the epidemiological situation of oral health, both in pre-and post-orthodontic treatment, and appropriate implementation is preventative and curative action. Studies show that malocclusion has high and increasing prevalence, justifying the need for more reliable epidemiological surveys due to the limited resources for treatment and the difficulty for the clinician to diagnose it properly and assess its severity on a large scale. Thus, necessitating the use of a valid instrument of occlusal indices has been envisaged aiming to categorize the indications and prioritization of orthodontic treatment and the outcome of this therapy [6] - [8] .
Historically, this has been a careful task, mainly to reliably and satisfactorily assess the results of orthodontic treatments in epidemiological studies. An assessment of the need for orthodontic treatment and immediate results, as well as long-term cases of orthodontic treatment has been of interest for many decades.
The PAR index was created in the 80's at the University of Manchester, in order to objectively verify the quality of orthodontic treatment. The measurement of the level of improvement achieved with the treatment is performed by a single score that summarizes all occlusal features present, obtained by considering five components in the analysis models: a previous segment, buccal segments, overjet, overbite, and midline [9] [10]. The same is designed to provide a way of quantifying the success of the orthodontic treatment [6] [11]- [14] . The final percentage obtained with a higher average value of at least 70%, indicates satisfactory improvement with orthodontic treatment, and is considered as a good standard of quality [15] .
The clinical significance is to attract attention to the need to evaluate other orthodontic post-treatment vestments and motivate patients in search of them, such as: what is the cost benefit of doing orthodontic treatment? Does only the search for aesthetic and functional improvements lead patients in seeking orthodontic treatment? What is the impact of this treatment on quality of life of adults, depending on age, as the aesthetic issue does not always prevail in adults compared to children and teenagers?
With this assumption, this study aimed to evaluate the impact of fixed orthodontic therapy in the correction of malocclusion in adults, and to evaluate the influence of factors associated with this impact.
Methods
This study evaluated 288 adults undergoing fixed orthodontic therapy, aged between 20 -70 years. The study population was selected from graduate courses offered by the Academy of Dentistry of Rio Grande do Norte and Brazilian Dental Association of Rio Grande do Norte-ABO/RN, and private offices that make up the cases treated in private schools in 2013.
The dependent variable for this study was the impact of orthodontic treatment for the correction of malocclusion, as assessed by the difference between initial PAR and final PAR. To this end, this variable was dichotomized using the median value score of 13, with below 13 considered as having little impact on the correction. Consequently, values greater than 13 had significant impacts on correcting malocclusions.
The PAR occlusal index was used to quantitatively evaluate the intra-arch and interarchocclusal relationships observed in the study models pre-and post-treatment. The PAR index, calculated from 11 occlusal component reviews: right-upper segment, anterior-superior segment, upper-left segment, lower-right segment, anterior-inferior segment, lower-left segment, right-posterior occlusion, left-posterior occlusion, overjet, overbite, and midline. The difference between the initial and final values of the PAR index was calculated to express the amount of percentage improvement resulting from the treatment. The PAR index cannot measure iatrogenic effects, such as enamel lesions, bone loss, or apical root resorption.
Prior to analysis of study models, there was calibration of examiners in order to ensure uniformity of interpretation, understanding, application of IOTN occlusal indices (Index of Orthodontic Treatment Need) and PAR. For this purpose, the first step in the study of criteria for data collection consisted of studying models, through discussion of articles and explanation of each occlusal index. The second phase consisted of a pilot study whose objective was to provide examiners an establishment of the criteria for analysis and measurement of occlusal indices. An external examiner for research had previously selected 30 study models with several instances of malocclusions, practicing on models aiming to collect data indices that measure malocclusions to be adopted in the study. Subsequently, the examiners performed the tests, and after they were completed, they checked the differences that occurred. The models which had valuation differences observed between the examiners were reexamined and reservations resolved. After this phase, there was the inter-calibration. This calibration was also performed in this pilot study assessing 30 study models. After occlusal indices were reviewed, arrays were assembled to verify the agreement and allow the calculation of kappa or weighted kappa coefficient, considering each index separately. The acceptable standard kappa value equal to or greater than 0.80 in each of the indices evaluated was considered. Therefore, the lowest kappa value obtained in this step was greater than 0.86 for all variables studied.
The independent variables were divided into two groups: socio-economic demographic variables (gender, education level, type of service, age at end of treatment) and the independent orthodontic variables (DHC-IOTN, AC-IOTN, satisfactory use of retainer, conducting speech therapy, and main complaints).
The IOTN index ranks the need for orthodontic treatment according to the importance and severity of various occlusal characteristics and oral health functions according to the perceived aesthetic damage, with only the highest severity of their occlusal scale being noted. It consists of two distinct components, the component of dental health (DHC) and aesthetic component (AC), which is assessed by the SCAN [14] scale. The DHC-IOTN is an attempt to synthesize all possible harmful effects of malocclusions in a reproducible and objective method of evaluation. In it, all occlusal characteristics judged as interfering in the life and function of the occlusion were classified on a scale of five grades, with increasing order of need for treatment. For assistance identifying the worst feature, a hierarchy of occlusal anomalies was developed to determine which one would be recorded, while the AC is measured from a scale with ten photographs ranging from grade 1 -10, in which the first reflects a greater degree of dental attractiveness, while the latter portrays a great need for aesthetic improvement [14] . The purpose of the scale is not to simply find a similar comparative smile for the individual, but the smile placed in the extremes of appearance (score 1-the best appearance and score 10-the worst appearance).
Initially, a descriptive analysis of all variables was performed at the expense of measures of absolute and relative frequency, as well as statistical indices that summarize the data. For data analysis, aiming to relate factors associated with PAR, a bivariate analysis was performed using the chi-square test. To know the independent associated factors that influence the impact of the difference in initial and final PAR, there was multiple logistic regression analysis. For this, they recruited the variables whose p value was less than or equal to 0.20 for the hierarchical modeling, grouping them into blocks, set by the Hosmer and Lemeshow test for a confidence level of 95%.
This paper was written after authorization of Research Ethics Committee (CEP) of Federal University of Rio Grande do Norte (number 002/11-P N CEP/UFRN). The study was made in bases of ethical principles.
Results
The results of the categorization of the sample are shown in Table 1 , where women with a high level of education predominated in this study. Most had moderate or high need for treatment by DHC-IOTN; the most common main complaint was bad tooth position; the vast majority did not do complementary speech therapy; satisfactory use of retainer with a minimum of 12 months after the removal of braces.
Of the independent variables of the study, only the need for orthodontic treatment and final age were associated with the impact of the correction of malocclusions ( Table 2) . Patients who had moderate or severe need of treatment and age greater than 25 years benefited the most from fixed orthodontic therapy.
The results of multivariate analysis showed that independent of other socio-economic demographic and orthodontic variables, the need for moderate to severe orthodontic treatment and final age after orthodontic treatment were associated with a greater impact on correcting malocclusions ( Table 3) .
The impact of the correction was 88.2%, where the variables investigated showed that interfering with the impact were high or moderate need for treatment, according to DHC-IOTN, and final age over 25 years after orthodontic treatment. The combination of factors that could influence the impact is not statistically significant.
Discussion
The PAR index represents the dento-occlusal variation which exists before and after treatment, and is widely As the main objective of this study was to evaluate the level of improvement of 288 treated cases, there was a review of socio-economic demographic variables (gender, education level, type of service, and age at end of treatment) and orthodontic (DHC-IOTN, AC-IOTN, main complaint, conducting speech therapy, satisfactory use of retainer), in order to study the effect of these variables on the results of the impact of the correction. The type of mechanics used and type of initial malocclusion variables were not considered in seeking the percentage of improvement in terms of population in light of the study, regardless of how the therapy was performed or what type of malocclusion in each patient [18] [19] . The fact that the cases were not handled by a single professional could also generate disparity in the quality of orthodontic treatment, which does not influence the results, as shown in several studies [16] [20]- [22] . Still, according to Dyken and Cols (2001) [11] , there existed no difference in the quality of significant cases treated by specialists or students of Orthodontics, thus confirming the results found in this study, where the majority of treated cases independent of those who treated them had upper-occlusal improvements of 80%.
The literature is scarce in studies assessing the impact of orthodontic treatment on quality of life in adults, especially in scoring the relevance of this impact as one of the factors that motivate the search for this therapy. The improvement in quality of life is significant, but it is not a common complaint reported by the patient. Quantify aesthetic and functional improvements only in traditional orthodontic records are not enough to address the impact of the presence or absence of malocclusion in the quality of life of these patients.
According to Richmond et al. (1992) [15] , a good standard of orthodontic treatment should result in a reduction of the average PAR index of 70% or more. In the present study, the mean reduction of the PAR index with treatment was 88.2%, featuring a good standard of orthodontic finishing treatment, regardless of the service, Table 3 . Absolute frequency, percentage, statistical significance, prevalence ratio and CI (95%) of the independent variables of the study adjusted for the impact of the correction of malocclusion from the multiple logistic regression. . This can be explained by the differences between samples and methodologies [26] . There is certain unanimity in clinical practice and in the literature regarding the importance of cooperation with the passive and active treatment (retention phase), conducting speech therapy, and patient motivation for treatment for the final outcome, where success is based on the final quality and the time it took to achieve the result [10] [21] [27] [28] . In this study, the factors that could influence the outcome, such as cooperation (satisfactory use of retainer), conducting speech therapy, and treatment period (meaning 30 months), were evaluated by the inclusion of questionnaires regarding these aspects, and did not show significant association. An important and significant factor when evaluating the end result was the significant association with age, i.e., patients older than 25 years had more significant improvements with orthodontic treatment, in a function that the treatments from this age group were more complex than at earlier ages.
The method of assessment was chosen as the study model in order to achieve the purpose of this study and analyze occlusal outcomes of orthodontic treatments. Despite this, not allowing the clinical and radiographic analysis, the study models, per se, gather the greatest amount of information regarding orthodontic diagnosis and treatment [29] . Furthermore, we have demonstrated a poor association between occlusal characteristics and morphology obtained by radiographs, and better prediction of orthodontic results through occlusal indices than by cephalometry. It should also be noted that the amount of crowding and transverse relationship of the dental arches, cannot be evaluated by cephalometry [29] [30] .
The optimal cut-off point for determining the need for orthodontic treatment using the PAR index, based on the opinions of experts for white individuals, is a score of 17 for both the United States and the United Kingdom [3] . Based on the Brazilian population having a more demanding profile for body esthetics, the cut-off for the PAR index in this study was 13, having a significant association with the DHC-IOTN. According to the DHC-IOTN, cases categorized as moderate to severe need of treatment showed a more significant improvement than cases with little or no need for orthodontic treatment, emphasizing that the higher the initial need for orthodontic therapy, the greater the percentage of correction after therapy.
Although the PAR index provides a reliable assessment of the occlusal position and results of orthodontic treatment, this index does not allow, with its absolute value, the specification of which occlusal characteristics contributed most to the observed changes. This is because the PAR index is the resulting sum of scores given to different occlusal characteristics [3] . Furthermore, each of these occlusal characteristics were evaluated and multiplied by different weights, further hindering the visualization of real participation of each of the components of the index in its final [3] value.
Despite the legacy of the six keys for normal occlusion of Andrews (1972) [28] , based on studies with 120 models, they represent one of the most valuable parameters for obtaining an ideal static occlusion. Consequently, a satisfactory result at the end of orthodontic treatment does not categorize the degree of improvement or the impact of this correction. Thus, the use of occlusal indices that measure how the occlusal relationships deviate from normality and how these deviations are regulated is an important tool for research on the effectiveness of orthodontic treatment.
Conclusions
The results with the fixed orthodontics are excellent in correcting the various types of occlusal problems regardless of the degree of severity. The study evaluated the degree of impact on quality of life of patients undergoing this therapy, whereas in the post-orthodontic treatment, the physical improvements are routinely evaluated only in orthodontic documentation, without having a parameter to evaluate the post-treatment on quality benefit of patients' life.
From the results obtained in this study, taking into account the criteria of the PAR Index, orthodontic treatment resulted in significant improvement, especially in cases of young adults with moderate or severe orthodontic treatment need.
